
 

Study resolves controversy surrounding
tumor suppressor gene's role in pluripotent
ESCs
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The gene p53 is extremely important in cell biology and, hence, the
world of cell replacement therapy. Its role is to regulate the cell cycle
and halt the formation of tumors, leading to its nickname the "tumor
suppressor gene." However, previous efforts to determine whether p53 is
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behind programmed cellular death (apoptosis) induced by DNA damage
in pluripotent embryonic stem cells (ESCs) produced conflicting results.
Initial studies said that it was not; later studies concluded that it was.

A new study released today in Stem Cells sorts through this maze of
contradictions to finally determine that the multiple roles of p53 in cell
cycle regulation and apoptosis are acquired during pluripotent stem cell
differentiation.

Melvin L. DePamphilis, Ph.D., section chief of Eukaryotic DNA
Replication at the National Institute of Child Health & Human
Development, Bethesda, MD., conducted the study along with his
Institute colleagues Sushil K. Jaiswal, Ph.D., and John J. Oh, post-
baccalaureate trainee. "If ESCs are to be used to form the basis of cell
replacement therapies, then identifying the role or roles of p53 in
pluripotent stem cells is essential," he said. "Our goal was to finally
resolve this question of whether p53 is essential for inducing cell cycle
arrest and/or apoptosis prior to ESC differentiation."

The majority of earlier studies used a chemotherapy drug called
Adriamycin/doxorubicin (ADR) to induce apoptosis. ADR impacts
DNA replication and mitosis, resulting in the accumulation of double-
stranded DNA breaks in proliferating cells. Damaged DNA can trigger
p53 to initiate apoptosis and prevent the duplication of damaged
chromosomes. As the levels of p53 rise, they prompt production of a
protein called p21, which enforces a halt in the cycle dictated by p53. It
does this by binding to and inhibiting the activity of the Cdk/cyclin
complexes, whose job is to switch the cell cycle off and allow time for
the damaged DNA to be repaired.

In the current study, the Institute team likewise induced apoptosis using
a 40-fold range of ADR concentrations as well as other chemotherapy
drugs (staurosporine and WX8), all tested over a 50-fold range of cell
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seeding densities. To eliminate the possibility that conclusions depended
on either the source or derivation of p53-/- ESCs, both wild-type and
p53-/- ESCs derived directly from mouse blastocysts were characterized
in parallel with ESCs in which the p53 genes were ablated in vitro from
ESCs harboring conditional p53 gene knockouts. "ESCs isolated from
p53-/- blastocysts presented a chronic phenotype, whereas p53-/- ESCs
engineered in vitro presented an acute phenotype that could be compared
directly with their parental ESCs," Dr. Jaiswal explained.

The results showed that regardless of derivation the ESCs did not require
p53, p21 or PUMA (another critical protein involved in apoptosis that is
induced by p53) either to activate the G2-checkpoint, which ensures that
cells don't initiate mitosis until damaged DNA is repaired, or to undergo
apoptosis rapidly and efficiently. "The effects of ADR concentration and
cell confluency were marginal, but the effects of cell differentiation
were dramatic; p53 dependent regulation of cell division and apoptosis
were acquired during p53-dependent cell differentiation," Mr. Oh said.

These results led the researchers to conclude that the study
"unequivocally" demonstrates that the multiple roles of p53 in cell cycle
regulation and apoptosis are first acquired during pluripotent stem cell
differentiation.

"The new report by Jaiswal et al. is extremely important in reconciling
contradictory results concerning the role of p53 in the stem cell field,"
said Dr. Jan Nolta, Editor-in-Chief of STEM CELLS. "The authors have
now definitely shown that the importance of p53 in cell cycle arrest and
initiation of apoptosis is first acquired during the differentiation of 
pluripotent stem cells."

  More information: "Cell cycle arrest and apoptosis are not dependent
on p53 prior to p53-dependent embryonic stem cell differentiation," 
Stem Cells (2020). DOI: 10.1002/stem.3199
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